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Finding the Electric Potential for various colloidal systems:
Using eq.2 and selected boundary conditions, it is possible to
find the electrostatic potential for several different colloidal
systems. In all of these systems, it was assumed that the system
as a whole was electrically neutral. Using this constraint, it was
possible to then solve for the various unknowns that appeared in
the solution to the equation.
For a single plate, located at the origin, with a surface charge
density, , the electric potential has the following form (Fig. 3):
Here the plate is at the origin, and the variable x represents the
distance from the plate.
The next system of interest was that of two charged plates and
their counter-ions. Using the same assumptions as before, the
following potential was found (Fig.’s 4 and 5):
Here, the value k’ is related to the coefficient in the exponent in
equation 3, using the surface charge densities for each individual
plate. The term represents the relative charge distributions on
the plates. If is zero, then the plates are of equal charge. The
term k, is the inverse of the Debye length, a characteristic length in
the system. The equation assumes that the plates are placed
symmetrically with respect to the origin.
After completing this, it was only logical to proceed to examine
the particle. Here it was assumed that the particle, rather than
being spherical, was a cube. This assumption is fairly good if one
is not very close to the cube itself. This approximation made it
much easier to find the potential of the particle (Fig. 6):
The variables x, y, and z are the three-dimensional coordinates
which dictate the distance and direction of the point from the
center of the particle.
Having accomplished this, it was then possible to use the
superposition principle to add eq.’s 4 and 5 together to find the
potential for the entire system (Fig. 7):
Here the particle is centered between the plates. The term kx is a
directional version of the Debye length, since the particles are
going to be geometrically confined. The coordinates are all with
respect to the center of the particle. This was done only in two
dimensions here, just for ease of reading, although the third
dimension could be extrapolated, as it is symmetric to the y
direction.
This equation is an approximation that should be good every
where accept for points very near the particle.
Fig. 5: the potential due to
two plates of unequal charge
and their counter-ions
Modeling the Electric Potential:
The equation which describes the distribution of the counter-ions is
called the Poisson-Boltzmann equation [3]:
Which relates the electric potential, to the charge of the counter-
ions, q, the temperature T, the number of ions at a given location, n0,
to the dielectric coefficient for water, , and the Boltzmann constant,
k. For small concentrations of the ions, this is well approximated by:
Using this approximation, I was able to find work through several
scenarios, in order to find the electric potential experienced by the
counter-ions for a particle between two plates.
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What is a Colloid?
A colloid is a system in which particles are suspended in a fluid.
Examples of colloids include milk, dirty river water, the blood
stream, the atmosphere, and many other systems. These particles
are subject to random motion, called Brownian motion. Brownian
motion is caused by collisions with tiny particles, giving the larger
particle, small, apparently random motion. Thus, a dirt particle in
water will move around, since the water molecules are constantly
bombarding it.
Previous Work:
Previous research ([1],[2]) has shown that when these particles
(polystyrene spheres, of radius 1 micron) are placed in water, they
gain a negative surface charge, shedding positive ion groups
(called counter-ions), and leaving them to float around the particle
in the water. Experiments observing a single particle between two
plates [2] would thus have a negatively charged particle, two
negatively charged plates, and many positively charged counter-
ions. In the case of a single sphere between two negatively charged
plates, the following particle potential energies have been found
experimentally [2].
This first potential shows that the particle seems to be most
strongly attracted to the center (thus the lowest potential). The
second well suggests a more complicated relationship, with the
particle being attracted to the wall at certain distances, and repelled
at others. This anomalous attraction is not predicted by the standard
theory. A suggested mechanism for this attraction is that the positive
ions in the water must some-how congregate between the two
negative sources, causing the particle to have a net force that attracts
it to the wall. If true, understanding the motion of these ions is
necessary for understanding the motion of the original particle.
Future Research:
The next step for this project is to find the general form of the
potential for the particle between two plates, since eq. 6 is the
potential for the particle between two plates. Once this is
accomplished then it will be necessary to use a computer
simulation to check how well the model meets the experiment. Prior
studies on similar phenomena have made the assumption that the
different counter-ions can be modeled using average charges. This
technique should work well for the static case, but the relative
counter-ion densities may well depend on the location of the
colloidal particle, which may provide difficulties for this approach.
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Fig. 7: the potential due to a
particle, two plates and their
counter-ions
Fig. 4: the potential due to
two evenly charged plates
and their counter-ions
Fig. 3: The potential due to a
single plate and its counter ions
Fig. 6: The potential due to a
charged square (represented by
the central column)
Fig. 1: Repulsive Potential for a particle 
between two plates
Fig. 2: Potential for a particle between 
two plates with two relative attractors
Figures:
(1)
